vasospasm is much more involved as the underlying mechanism than is the case in Westerners. [8] [9] [10] It is also noted that fewer Japanese cases demonstrate multivessel disease, 11, 12 and there are more cases with relatively good cardiac function and a better prognosis. 13 Because the underlying pathology of IHD is clearly different in Japanese and Westerners, it is quite possible that the response to CCBs in Japanese also differs from that in Westerners.
To clarify these issues, we retrospectively studied the effects of sustained-release nifedipine (nifedipine-retard (NR)) on the 10-year, long-term prognosis of coronarythrombolysis-treated patients with acute MI.
Methods

Subjects
The present study included 294 patients who could be followed up, out of a total of 297 patients who had been admitted to the emergency department from 1985 to 1996 with a first event of acute MI, and who were discharged alive after receiving coronary thrombolysis treatment (follow-up rate: 99.0%).
NR was a slow-release formulation of short-acting Background Calcium channel blockers (CCBs) may have a positive influence on the long-term prognosis of Japanese patients with ischemic heart disease.
Methods and Results
The effect of nifedipine-retard (NR) (n=202) compared with that of non-CCB treatment (n=92) on the secondary prevention of myocardial infarction (MI) was retrospectively investigated in patients who had survived acute MI between 1987 and 1996. The primary endpoint was the occurrence of cardiac death or non-fatal MI. The median follow-up was 6.3±2.4 years. The incidence of cardiac events was 8.9% in the NR group and 14.1% in the non-CCBs group (p=0.14, odds ratio (OR): 0.584, 95% confidence interval (CI): 0.286- 1, 193) . However, subanalysis revealed that NR significantly reduced the incidence of cardiac events in patients aged less than 55 years (4.2 vs 18.2%, p=0.016, OR: 0.180, 95%CI: 0.045-0.721) and those who did not smoke (8.6 vs 16.4%, p=0.048, OR: 0.462, 95%CI: 0.203-0.999).
Conclusion Although this was a retrospective analysis, it showed that NR did not cause an increase in the incidence of cardiac events in post-MI patients; it even prevented cardiac events, especially in those who were less than 55 years of age and in non-smokers, suggesting the potential usefulness of CCBs in the secondary prevention of MI in Japan. criteria: continuous symptoms of acute MI and any of the following signs on the 12-lead ECG: ST-segment elevation of at least 0.1 mV in 2 or more limb leads, ST-segment elevation of at least 0.2 mV in the precordial leads, or left bundle branch block that lasted longer than 30 min.
Coronary Reperfusion Therapy
Thrombolytic therapy was performed as the first choice of reperfusion treatment of acute MI if there were no contraindications. Urokinase was the main drug used for thrombolytic therapy until 1990, but since 1992 it has been pro-urokinase, tissue-plasminogen activator (tPA) or mutant tPA. If TIMI grade 3 flow 16 was not observed in the infarctrelated artery, rescue angioplasty was immediately performed.
Patients with any of the following contraindications were excluded from thrombolytic therapy: more than 6 h since the onset of acute MI, age over 75 years, history of stroke or central nervous system damage, left main coronary artery disease, active bleeding or a bleeding tendency, recent trauma or major surgery, and a systolic blood pressure greater than 180 mmHg or a diastolic blood pressure greater than 110 mmHg, as measured in the emergency room.
All patients gave written informed consent before under-going thrombolytic therapy.
Data Collection
The initial prospective data were collected from the coronary reperfusion therapy database and medical records of the hospital.
A diagnosis of diabetes was made when hemoglobinA1c was 5.5% or above, and that of hypercholesterolemia when the total cholesterol concentration was 220 mg/dl or above. The blood pressure was the mean of 3 measurements taken while the patient was hospitalized, excluding during the acute phase of MI. Reperfusion of the infarct-related artery was considered successful if TIMI grade 3 flow was achieved, whereas Cohns grade 3 signified good development of collateral vessels. Each coronary lesion that resulted in more than a 50% reduction in luminal diameter was considered clinically significant. Left ventricular ejection fraction and left ventricular end-diastolic volume index were calculated from the left ventriculography findings at 4 weeks after the onset of acute MI.
Follow-up and Primary Endpoints
If NR therapy was discontinued or exchanged for another drug, that point was the end of the surveillance period for that subject; similarly the point when a CCB was coadministered to a subject in the non-CCB group became the end of the surveillance period for that subject.
The primary endpoints of this study included recurrent MI (fatal and non-fatal), sudden cardiac death, and death because of congestive heart failure. The diagnosis of recurrent MI was based on the same criteria as those used for initial inclusion in the study. The diagnosis of sudden cardiac death was based on Braunwald's definition; 17 namely, the patient exhibited one or more symptoms suddenly and unexpectedly, and then died within an hour of onset. In cases of drug-resistant post-infarction angina pectoris or restenosis of the site of revascularization diagnosed during the chronic phase of MI, either percutaneous coronary angioplasty or coronary bypass surgery was performed.
Statistical Analysis
Continuous values were expressed as the mean ± standard deviation (SD) and were compared between the groups by Student's t-test. The chi-squared test was used to compare the frequency of each categorical variables. The odds ratio (OR) with 95% confidence interval (CI) was used to analyze the significant differences in the incidence of cardiac events. The significance of the incidence of cardiac events over time was evaluated in accordance with the logrank test by obtaining an event-free ratio using the Kaplan-Meier estimation methods. Because this study was retrospective, differences in the patient characteristics between the groups were unavoidable. To exclude the influence of these differences, the participants were divided into subgroups and each subgroup was then further classified based on the incidence of cardiac events. The NR group and the non-CCBs group were compared. 18 A p-value less than 0.05 was considered statistically significant.
Results
Baseline Characteristics of the Patients and the Prescribed Calcium Channel Blockers
There were 294 patients (250 male, 44 female; age 58± 10 years) who were treated with either NR (n=202) or non-CCBs (n=92) and the median follow-up was 6.3±2.4 years. The baseline characteristics are shown in Table 1 . There were significant differences in the ratio of males, past history of systemic hypertension, and systolic blood pressure, but no significant differences in age, BMI, cardiovascular status, blood lipid and uric acid levels, other coronary risk factors, post MI angina, New York Heart Association class, or medications.
At the time of discharge, CCBs were prescribed in 250 cases: NR (220 cases), nisoldipine (10 cases), longacting diltiazem (5 cases), short-acting diltiazem (4 cases), long-acting nicaldipine (5 cases), short-acting nicardipine (3 cases), and short-acting nifedipine (3 cases). During the study period, 202 of the 220 patients continued to take the prescribed NR and the other 18 patients, who discontinued it because of adverse effects such as headache, hot flushes, and palpitations, were excluded from the study.
Cardiac Events
As shown in Fig 1 and Table 2 , cardiac events occurred in a total of 18 of the 202 patients in the NR group (8.9%) and in 13 of the 92 patients in the non-CCBs group (14.1%), indicating a 1.58-fold lower risk in the former, although the difference was not significant (p=0.14.) The incidence of recurrent MI for NR vs non-CCBs was 5.9% vs 7.9% (p=0.59), 1.0% vs 4.3% (p=0.06) for death from congestive heart failure and 2.0% vs 2.2% (p=0.91) for sudden cardiac death. The OR for all cardiac events in the NR group as compared with the non-CCBs was 0.584 (p=0.14, 95%CI, 0.286-1.193). The Kaplan-Meier estimates of the free rate of cardiac events at 10 years were 84.7% in the NR group and 78.0% in the non-CCBs group, showing no significant differences between the 2 groups (Fig 2) . Coronary bypass surgery was performed in 16 patients (7.9%) in the NR group and in 5 patients (5.4%) in the non-CCB group (p=0.44). Percutaneous coronary intervention was performed in 57 patients in the NR group (28.2%) and in 21 patients (22.8%) in the non-CCB group (p=0.46).
Subgroup Analysis
Because there were significant differences in the base- line characteristics of the ratio of males, the history of systemic hypertension and systolic blood pressure between the 2 groups, as shown in Table 1 , the patients were divided into 2 groups to eliminate the influence of the differences on the comparison of the incidence of cardiac events (Table 3 ).
In patients aged under 55 years (mean 47 years), the incidence of cardiac events in the NR group was significantly lower than in the non-CCBs group (4.2 vs 18.2%, p=0.016). An event-free curve derived by the Kaplan-Meier method revealed that the NR group experienced significantly fewer cardiac events than the non-CCBs group (Fig 3) . The OR for cardiac events in the NR group as compared with the non-CCBs was 0.180 (95%CI: 0.045-0.721).
In patients who smoked continuously during the study period, there were no differences in the incidence of cardiac events between the 2 groups, but a significant decrease in the incidence of cardiac events was observed in nonsmoking patients (8.6 vs 16.4%, p=0.048). Kaplan-Meier analysis revealed that the NR group experienced significantly fewer cardiac events than the non-CCBs group (Fig 4) . The OR was 0.462 (95%CI: 0.203-0.999). In cases under 55 years and for non-smokers, there were no differences in the patient background factors between the 2 groups (data not shown).
Independent of the administration of NR, there was no difference in the incidence of cardiac events when cases were classified by the presence or absence of hypertension, diabetes, hypercholesterolemia, smoking at the time of the MI or the administration of -blockers, and, in the case of males aged over 55 years, by the left ventricular ejection fraction, Killip classification, the infarct-related coronary artery, or the number of diseased vessels.
Discussion
Although the present study was retrospective, it found that the administration of NR did not cause an increase in cardiac events; in fact, in patients aged less than 55 years and in non-smokers it may even suppress the development of cardiac events.
Compared with Western patients, there is more involvement of coronary vasospasm in the development of MI in Japanese patients, [8] [9] [10] and therefore the potential of CCBs to suppress coronary vasospasm 19 may prevent both myocardial ischemia and the development of cardiac events in Japanese post-MI patients. The reason why NR was particularly effective in suppressing cardiac events in cases under 55 years of age was thought to be as follows. Vasospastic angina pectoris occurs most frequently in the 40-50 years age bracket in Japan and compared with reports in the West, fewer coronary vessels are usually involved in cases of vasospastic angina pectoris in Japan. 20 The present study also found that significantly fewer coronary vessels were involved in cases under 55 years of age than in the over-55 age bracket (data not shown). As demonstrated by subgroup analysis, there was a 6.0% incidence of cardiac events involving only 1 coronary artery in the NR group, which was half the incidence of 11.9% in the non-CCB group. However, when 2 or 3 coronary arteries were involved, the respective incidences were 17.7% and 20.2%, so the efficacy of NR appeared to be decreased in multivessel disease.
Thus we consider that because coronary vasospasm is frequently involved in the cardiac events that occur in the relatively young cases aged less than 55 years, CCBs, which effectively prevent coronary vasospasm, could potentially prevent the development of cardiac events in this age bracket.
In the non-smokers NR significantly suppressed the development of cardiac events and that result was not demonstrated in the cases of continued smoking. The plasma concentration of nifedipine measured in smokers is significantly lower than that in non-smokers. 22, 23 Smoking is an important risk factor for coronary vasospasm; 21 continued smoking may increasingly damage the function of the vascular endothelium and thus weaken the suppressive action of CCBs. 22 Nakashima et al reported that NR suppresses the action of thromboxaneB2 and 6-ketoprostaglandin F1 , both platelet activation factors that act as triggers for coronary arterial thrombosis, which in turn causes acute coronary syndromes; however, in smokers this mechanism was reversed. 23 The main mechanism of the prevention of heart failure by CCBs is reducing the afterload by strong vasodilation, 24 thus reducing the burden on the heart, similar to the action of other vasodilators. Recently, the results of a meta-analy-sis of the effects of second-generation dihydropyridone CCBs on heart failure identified effects that may play a role in prevention of heart failure: an increase in left ventricular ejection fraction as a cardiac index; a decrease in isovolume relaxation time and an increase in early peak velocity as indexes of left ventricular diastolic dysfunction; and a decrease in the blood concentrations of norepinephrine. 25 The effect of CCBs on the prevention of left ventricular remodeling has also been reported. 26, 27 Nifedipine causes an increase in nitric oxide, 26 which is produced when the vascular endothelium function improves, and has an antiproliferative action on vascular smooth muscles. 28 Therefore it suppresses the progression of atherosclerosis 29, 30 and may be able to prevent cardiac events.
The reason why it had been thought that short-acting CCBs were not only ineffective in preventing secondary MI, but even harmful, must be seen within the context of an era when reperfusion therapy had not been perfected, and most targeted cases probably had persistent stenosis and decreased cardiac function. [1] [2] [3] It should also be noted that target patients in the present study had been treated with a sustained-release preparation of nifedipine and the blood concentration curves showed a more gradual concentration gradient than do the curves found with short-acting preparations. The effect on the sympathetic nervous system was therefore relatively subdued, with less increase in heart rate 31 and a reduced burden on the heart.
In recent years there have been reports in Japan of the efficacy of long-acting CCBs, 32, 33 and those with a strongly antihypertensive action, excluding the short-acting ones 5 that cause a dose-dependent increase in cardiac events, together with their activities other than the antihypertensive effect (ie, suppression of coronary vasospasm, improvement in endothelial function, anti-arteriosclerotic action etc), are considered to be effective in the prevention of cardiac events in Japanese. According to the WHO/ISH meta-analysis, 34 CCBs showed superior suppressive action on cerebrovascular accidents than other vasopressors, and they may be particularly effective in the treatment of the cases with IHD in Japan that are complicated by hypertension in which the incidence of cerebrovascular accidents is particularly high.
This report is the first in Japan to investigate the effect of CCBs on the prevention of secondary MI over a long period, and even though there has been a change to thirdgeneration CCBs that are taken once daily, these results are still evidence of the effect of pharmacotherapy on the prevention of secondary MI in Japanese patients.
Study Limitations and Research in Progress
Because this research was not based on prospective random assessment, subclass analysis was performed and corrections were made for patient background factors, but we cannot deny that there may have been some degree of bias. Other than patients in whom thrombolysis was contraindicated, those in whom a long time had elapsed since the event and those with large infarction were not included. The patients had survived the acute phase of MI and were discharged from hospital, indicating that they had relatively good cardiac function and few complications. Because the subjects were limited to those in whom coronary reperfusion therapy was performed shortly after the event, it may not be possible to apply these results to all cases of MI. The administration of NR to patients who died during hospitalization was not investigated. Furthermore, the changes in coronary risk factors and improvement of reperfusion therapy and drugs because of the progress in therapeutic technology over the study period of 10 years were not investigated.
The additional use or change to other drugs for the secondary prevention of MI, such as aspirin, 35 -blockers, 36 HMG-CoA reductase 37 etc, was not investigated, and it cannot be denied that these factors might have played a role in the prevention of cardiac events. Therefore, we have begun a prospective investigation of the effect of drugs on the secondary prevention of MI.
